Introduction: The aims of this study were to establish an estimate of the prognosis and to identify the variables predictive of survival following the diagnosis of metastatic bone disease. Materials and Methods: Ninety-seven patients diagnosed with skeletal metastases confirmed by histological examination between 1991 and 2010 were selected. Data were retrospectively collected including age and sex, sites and histology of the primary tumour and skeletal metastases, presence of visceral metastases, pathological fracture, and the treatment received. Results: Ninety-three patients (95.9%) were deceased. The overall rate of survival was 47% at 6 months, 31% at one year and 10% at three years. Multivariate analysis confirmed the grade of malignancy, age and systemic therapy as independent predictors of survival. Discussion and Conclusion: The prognosis of patients with skeletal metastases should be estimated according to the site and histology of the primary tumour, grade of malignancy and age at the time of presentation.
Introduction
Skeletal metastases are often indicative of an advanced stage of cancer and generally reflect a poor prognosis. Information available regarding the survival following the diagnosis of metastatic bone disease is variable throughout the literature and focused upon the site of the primary malignancy, the skeletal metastases and a variety of other factors.
Previous studies have identified the site of the primary malignancy, presence of visceral metastases and the complication of a pathological fracture as independent predictors of survival [1] - [5] . Furthermore, elevated bone-specific alkaline phosphatase (ALP), haemoglobin (Hb) of less than 7 mmol/L and hypercalcaemia have been identified as negative prognostic factors [1] [6] . Surgery, radiotherapy and systemic therapy have proven beneficial in the management of patients with metastatic bone disease [4] [7] [8] . Operative intervention and radiotherapy are often palliative procedures. The aim of surgery is to achieve local control of the metastasis as well as structural stability in order to restore function as quickly as possible [7] . Surgical intervention should be considered in patients with an impending or actual pathological fracture and for the management of pain on mobilisation or with the activities of daily living. For limb lesions, surgical options include stabilisation or endoprosthetic reconstruction. Stabilisation, de-bulking and laminectomy are undertaken in patients with vertebral metastases. The prognosis of patients with skeletal metastases is important in guiding the choice of operative intervention. Endoprosthetic replacement is recommended for patients with a relatively good prognosis, as the use of internal fixation is associated with a high risk of implant failure [9] . The use of therapeutic agents is dependent upon the histology of the primary malignancy, and therefore it is important to note that skeletal metastases most commonly originate from tumours of the prostate, breast, kidney and lung [10] .
The aims of this retrospective study were to identify the variables predictive of survival following the diagnosis of skeletal metastases and to establish an estimate of the prognosis in order to plan treatment.
Materials and Methods

Patients
Ninety-seven patients with a histological diagnosis of skeletal metastases between 1991 and 2010 were selected. A total of 156 patients were identified from the pathology database; 59 patients were excluded due to the absence of a positive diagnosis of skeletal metastases, the diagnosis of multiple myeloma, Waldenström's macroglobulinaemia and the absence of information due to the destruction of hospital records. Data were retrospectively collected from digital databases (Patient Admin System (PAS), Clinical Work Station (CWS), Patient Archiving Communication System (PACS), Medisec) and the hospital records of two separate institutions. The information included patient demographics such as age and sex; sites and histology of the primary tumour and skeletal metastases; presence of visceral metastases; pathological fracture; and the treatment received. Data collection was undertaken in accordance with the ethical standards and approval of the University of Manchester Research Ethics Committee. The details of the patients are summarised in Table 1 .
The primary tumours were classified into three groups according to the grade of malignancy: 1) high (lung, oesophagus, stomach, pancreas, liver, gallbladder and leiomyosarcoma), 2) intermediate (colon, kidney, bladder, ovary, endometrium, cervix, malignant melanoma, merkel cell carcinoma and unknown), and 3) low (thyroid, breast, prostate and lymphoma). This was determined in part from examples of similar classification systems within the literature [1] [3] . The duration of survival was defined from the date of histological or radiological diagnosis of skeletal metastases to the date of death or latest follow-up.
The incidence of metastases to each skeletal component and the percentage of consequential pathological fracture are illustrated in Figure 1 . Skeletal metastases most commonly affected the vertebrae, femur, pelvis and ribs.
Management
Skeletal metastases were treated with surgical intervention, radiotherapy or systemic therapy (chemotherapy, hormone and immune therapy). Patients who were at risk of or who had sustained a pathological fracture within the appendicular skeleton received internal fixation or prosthetic replacement. Surgical intervention in the form of fixation, de-bulking and laminectomy was reserved for patients with skeletal metastases to the vertebral component of the axial skeleton. Two patients received embolisation of skeletal metastases: one with a primary diagnosis of renal cell carcinoma and the other with thyroid adenocarcinoma. Radiotherapy was not usually used as the sole treatment of skeletal metastases and was most often used post-operatively. The administration of systemic therapy was dependent upon the site and histology of the primary tumour. The most common primary malignancies were pulmonary (35.1%), renal (12.4%), breast (12.4%) and prostate (11.3%) carcinoma. Contemporary chemotherapy was provided at the supra-regional oncology centre. Patients who failed to respond to standard regimes were considered for entry in clinical trials where appropriate. 
Statistical Analysis
We analysed the data using the software package SPSS 19 (Chicago, Illinois, USA). The results were expressed as median or percentage as appropriate. A Cox proportional hazards regression was applied to determine dependent and independent predictors of survival. Variables identified with a p-value of <0.2 were included in the Cox regression multivariate analysis. Significance was accepted at p < 0.05. Kaplan-Meier survival analysis was undertaken to illustrate the duration of survival.
Results
Survival
The median survival was 5.7 (range 0.2 -142.1) months. Ninety-three patients (95.9%) were deceased and the remaining four (4.1%) received follow-up at a median (range) duration of 27.7 (16.7 -92.4) months. The overall rate of survival was 47% at 6 months, 31% at one year and 10% at three years. A Kaplan-Meier curve demonstrating survival following the diagnosis of skeletal metastases is displayed in Figure 2 . Cohorts of patients with renal cell or prostatic carcinoma had amongst the best median (mean, range) survival of 19.4 (32.7, 1.5 -119.6) and 16.7 (24.4, 0.2 -63.2) months respectively; those who suffered from breast carcinoma survived for a median (mean, range) period of 9.7 (29.0, 1.7 -142.1) months. The cohort of patients with carcinoma of the lung experienced a relatively short median (mean, range) survival of 3.7 (5.6, 0.5 -27.7) months.
Factors Predictive of Survival
A Cox proportional hazards regression analysis of the factors that could potentially influence survival was undertaken. The variables included in the analysis were age, sex, grade of primary malignancy, presence of visceral metastases, number of metastases, initial presentation, pathological fracture and treatment of skeletal metastases in the form of surgery and systemic therapy. Surgical intervention was also not included in the multivariate analysis, as surgery would usually be offered only to patients who were expected to survive for longer than six weeks. Univariate analysis identified the grade of the primary malignancy, initial diagnosis of skeletal metastases, surgery and systemic therapy to be dependent predictors of survival ( Table 2) . Multivariate analysis confirmed the grade of malignancy of the primary tumour and systemic therapy to be independent predictors' survival. 
Vertebral Metastases
A univariate analysis to evaluate whether any of the above factors were predictive of survival in a cohort of 64 patients with vertebral metastases identified the grade of primary malignancy, initial presentation of skeletal metastases, surgery and systemic therapy to have a significant influence ( Table 3) . Only the grade of malignancy of the primary tumour was confirmed to be an independent predictor of survival.
Radiotherapy
A Cox proportional hazards regression analysis of the above factors, which could potentially influence survival in a cohort of 69 patients who received radiotherapy, was undertaken ( Table 4) . Univariate analysis found the grade of malignancy of the primary tumour, initial presentation of skeletal metastases, surgery and systemic therapy to have a significant influence. Furthermore, age and the presence of visceral metastases qualified for inclusion in the Cox regression multivariate analysis. This identified age, the grade of the primary malignancy and systemic therapy to be independent predictors of survival.
Discussion
Several predictors of prognosis for patients with skeletal metastases have been reported throughout the literature.
Hansen et al. identified pathological fracture, visceral metastases, haemoglobin content < 7 mmol/L and lung cancer as negative prognostic factors [1] . Katagiri et al. reported the site of the primary tumour, performance status, previous chemotherapy, multiple metastases and the presence of visceral or cerebral metastases to be significant predictors of survival [2] . The absence of a pathological fracture and visceral metastases, a time interval of more than three years between the diagnosis of cancer and the first skeletal metastases, and carcinoma of the thyroid, kidney, prostate and breast were confirmed to be positive prognostic variables [8] .
We identified the grade of malignancy and systemic therapy to be significant predictors of prognosis. A subsequent multivariate analysis, which we undertook in a cohort of patients who received radiotherapy, identified younger age, the grade of malignancy and the absence of systemic therapy to be negative predictors of survival. . A greater proportion of the patients in Katageri et al suffered from a low-grade primary malignancy, whilst a greater proportion of patients in this study suffered from a primary malignancy of an intermediate-and high-grade [2] . This discrepancy further supports the influence of the grade of malignancy upon the survival period.
Skeletal metastases most commonly originate from primary tumours of the lung, prostate, breast and kidney [4] [10] [11] . A study identified the survival period following the diagnosis of skeletal metastases originating from carcinoma of the prostate and breast as 24 (vs. 24.4) and 34 (vs. 29.0) months, versus this study, respectively [11] . Furthermore, an analysis of a cohort of patients who received surgical management of metastatic bone disease reported the mean survival following the diagnosis of skeletal metastases secondary to prostate carcinoma as 40.0 (vs. 24.4) months, breast carcinoma as 44.1 (vs. 29.0) months and renal cell carcinoma as 30.6 (vs. 32.7) months [8] . The prognoses of patients with prostate and breast carcinoma were relatively prolonged, however a selection bias was present as this study as it only included patients who were fit enough for surgical intervention. The prognosis of patients with skeletal metastases of pulmonary origin has been reported throughout the literature. Campanacci et al. reported a prognosis of less than twelve months [11] ; Katakami et al suggested a prognosis of less than six months [12] . Further studies have suggested a mean survival of approximately six months [13] , whilst others report a median of 5.8 -10.0 months [14] [15] . We report an overall mean (median) survival of 5.8 (3.7) months following the diagnosis of skeletal metastases secondary to pulmonary carcinoma.
The influence of the initial presentation of skeletal metastases upon survival was identified as a negative predictor of prognosis on univariate analysis. Patients who present late with metastatic disease would not have received previous treatment. Although the late administration of chemotherapy may be thought to be a negative predictor of survival, studies have found the absence of previous therapeutic administration prior to the diagnosis of skeletal metastases to be a positive prognostic factor [2] [16]. Katagiri et al. explained the previous administration of chemotherapy reflected an advanced stage of cancer, and the lack of further effective chemotherapeutic options following the diagnosis of skeletal metastases [2] .
Systemic therapy was reported to be independently associated with a positive prognosis. However, the significance of this variable should be interpreted with caution, as a selection bias may be responsible. Dependent upon the primary malignancy, some chemotherapeutic agents were known to be ineffective in the treatment of skeletal metastases and thus were not administered. Studies have reported the administration of systemic therapeutic agents as positive predictors of prognosis in patients with metastatic bone disease [17] [18] . Wibmer et al. found systemic therapy to be an independent positive prognostic variable in patients with vertebral metastases [4] . We identified surgery and systemic therapy as dependent predictors of prognosis within the same cohort. A comparative study evaluated the effectiveness of surgical intervention and radiotherapy against radiotherapy alone and found a significant proportion of patients were able to walk following operative intervention, reflecting the efficacy of surgery as opposed to radiotherapy alone in the treatment of vertebral metastases [7] . Mizumoto et al. reported a median survival of 6.2 months in a cohort of patients who primarily received radiotherapy for metastases to the vertebral column [16] . An alternative study of patients who primarily received surgical intervention and systemic therapy reported a median survival of 10.6 months [4] . These studies support the efficacy of surgical intervention and systemic therapy as opposed to radiotherapy in the treatment of patients with vertebral metastases.
However, the choice of treatment is influenced by the prognosis of the patient, and therefore the Oswestry Spinal Risk Index and the Tokuhashi score have been developed in an attempt to predict the period of survival according to the primary malignancy and the patient condition [19] [20] . The efficacy of radiotherapy may be dependent upon the primary malignancy. A recent study reported patients with breast cancer were significantly more likely to achieve good local control with radiotherapy to the vertebral column [16] . Chow et al. compared the administration of single-and multiple-fraction schedules of radiotherapy, and reported no significant difference in the rate of response [21] . Fixation should be considered as a prophylactic intervention to prevent the pain and loss of function consequential to a pathological fracture. Elective stabilisation was reported to be associated with a shorter hospital stay and an increased likelihood of being discharged home as opposed to a nursing home or rehabilitation facility [3] .
We reported an incidence of pathological fracture of the femur or humerus to be 41.2%, considerably higher than the 8% reported in the literature [22] . This discrepancy may be due to a selection bias in our study, as patients who experience a pathological fracture are more likely to receive a histological confirmation following surgery. Huber et al. found a pathological fracture to be a negative predictor of prognosis [8] . We report that this complication did not influence survival, supporting the statements of Katagari et al. and Wibmer et al. Coleman et al. suggested the probability of developing a pathological fracture increases with the duration of metastatic bone disease [22] . Although the diagnosis of a pathological fracture may indicate an advanced stage of metastatic bone disease, prevalence in patients with a relatively good prognosis eliminates the significance of this variable in a statistical evaluation.
The variables predictive of survival should be taken into consideration in the choice of surgical management. Patient selection for operative fixation should be dependent upon the expected prognosis, as patients could otherwise be subject to implant failure. Patients with a low-grade primary tumour or a high grade primary malignancy with a low volume of metastatic disease are likely to have a greater life expectancy such that internal fixation is not recommended as patients are likely to outlive the construct and endoprosthetic replacement is the preferred operative intervention [23] [24] . Wedin et al. reported a notably greater failure rate of internal fixation with osteosynthetic devices compared with endoprosthetic reconstruction for proximal femoral metastases [20] However, endoprosthetic reconstruction involves a more extensive operation and may not be appropriate for patients with a poor prognosis. Patients with a pathological fracture following skeletal metastases from a high-grade primary malignancy with a high volume of metastatic disease should be considered for internal fixation, as the expected prognosis is often poor. However, implants, which only provide relative stability, may not achieve good analgesia as the bone, which has been invaded by tumour, often has little mechanical integrity and the fracture is unlikely to unite. The aim of operative fixation should be to achieve stabilisation of the fracture and resist the cyclical load at this un-united site for the duration of the patient's survival. Locking plates are known to provide a reliable form of fixation and excellent functional restoration in peri-articular skeletal metastases, and polymethylmethacrylate augmentation has been reported to reduce pain and to provide a durable construct [24] .
This study provides a comprehensive overview of the survival of patients who suffered from skeletal metastases secondary to a variety of different primary malignancies, which reflects the nature of the presentation of this pathology to an Orthopaedic surgeon. Information regarding the variables predictive of survival and an estimate of the prognosis aids the clinician in the choice of surgical intervention. The limitations of this study include the retrospective data collection for a prolonged period of twenty years and a selection bias, as patients who sustained a pathological fracture are more likely to meet the inclusion criteria of a histological diagnosis of skeletal metastases. Systemic therapy would not be appropriate or effective for every primary malignancy, and surgical intervention would only usually be offered to patients who were expected to survive for at least six weeks.
Conclusion
The prognosis of patients with skeletal metastases should be estimated according to the site and histology of the primary tumour. A high grade of malignancy and a younger age at the time of presentation are negative predictors of prognosis. The results of this study are comparable to and supportive of the current literature. The association of systemic therapy with a prolonged survival should be interpreted with caution, as treatment was subject to a selection bias.
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